INTRODUCTION
The human genome includes a large number of sequences that are retroviral in origin, that have been estimated to make up as much as 1% of the total. These sequences have diverse origins in the course of mammalian, primate and hominid evolution, and it is likely that the vast majority of these have no influence on gene function or relevance to pathology (Lower et al., 1996) . A small minority of such sequences have acquired a role in regulating gene expression, and some of these may be subject to recent change e.g. retrotransposition or rearrangement. They could be relevant to differences between individuals, and to expression of disease (Sverdlov, 1998 ).
An approach to identifying this minority of elements is through phylogeny. Those viral sequences that are of recent origin or have changed most recently are more likely to be associated with instability and with differences between individuals. A number of families of retrovirus and related elements have been distinguished and their origins and genomic locations are increasingly recognized (Wilkinson et al., 1994) . The HERV-H class of elements, characterized by a tRNA binding site, was identified in relation to the breakpoints of three large deletions involving the ß-globin gene cluster (Mager and Henthorn, 1984) . Some sequences may have entered the primate genome before the prosimians diverged but it is likely that there was an expansion at the time of divergence of New and Old World monkeys (Anderssen et al., 1997) , and there is also evidence of more recent expansion as indicated by recombination between types of LTR (Goodchild et al., 1992 (Goodchild et al., , 1995 . Although the locations are unrelated to those of other retroviruses (e.g. HERV-A as studied by LTRs, Sugino et al., 1997) there are also reports of clustering e.g. in relation to the FRA7G site in chromosomal band 7q31 . HERV-H sequences are expressed in placenta (Goodchild et al., 1992) and T cells (Kelleher et al., 1996) , and one such sequence has been shown to influence expression of the PLA2L gene (Kowalski and Mager, 1998) .
Here we identified 9 new HERV-H sequences on the human X and Y chromosomes and analyzed them phylogenetically with other HERV-H elements in the nucleotide sequence database.
MATERIALS AND METHODS
Sample DNA and PCR. A human monochromosomal somatic cell hybrid DNA panel (Version 3) was purchased from the Coriell Cell Repositories (Coriell Institute, USA). The X and Y chromosomal panel samples were subjected to PCR amplification. A novel HERV-H family, HX and HY, were amplified by the primer pair HS44 (5´-GACCCCATAAATCCTAAATCC-3´, bases 328 -349) and DS13 (5´-ATCAGAGAGATACAGTCATGG-3´, bases 803 -823) from the human endogenous retroviral element, HERV-H (DDBJ/EMBL/GenBank accession no. The nucleotide sequence data reported in this paper will appear in the DDBJ/ EMBL/GenBank nucleotide sequence databases with the accession numbers AB022147 (HX-1), AB022148 (HX-2), AB022149 (HX-4), AB022150 (HX-8), AB022151 (HX-9), AB022152 (HX-10), AB022153 (HX-11), AB022154 (HX-13), and AB022155 (HY-1). The nucleotide sequence of HERV-H was obtained from the DDBJ/EMBL/GenBank accession no. D87058 (Shiraishi et al., 1996) . D87058). The PCR conditions followed were those of Kim et al. (1996) with an annealing temperature of 56°C.
Cloning of PCR products. PCR products were separated on a 1.8% agarose gel, purified with the QIAEX II gel extraction kit (Qiagen) and cloned into the T-khs307 vector (Kim et al., 1998) . The cloned DNA was isolated by the alkali lysis method using the High Pure plasmid isolation kit (Boehringer Mannheim).
DNA sequencing and data analyses. Individual plasmid DNAs were screened for inserts by PCR. Positive samples were subjected to sequence analyses on both strands with T7 and M13 reverse primers using an automated DNA sequencer (Model 373A) and the DyeDeoxy terminator kit (Applied Biosystem). Nucleotide sequence analyses were performed using the GAP, PILEUP, and PRETTY from the GCG software (Genetics Computer Group, University of Wisconsin). The neighbor-joining phylogenetic analysis (Saitou and Nei, 1987) was performed with the CLUSTAL W program (Thompson et al., 1994) . A collection for superimposed substitutions at single sites was made by the two-parameter method of Kimura (1980) . Nucleotide sequences of HERV-H family were retrieved from the GenBank database with the aid of the BLAST network server (Altschul et al., 1997) .
RESULTS AND DISCUSSION
We identified eight HERV-H sequences on the X chromosome (HX) and one on the Y chromosome (HY). These sequences are compared (Fig. 1) to the element (HERV-H) identified in Xp22 (Shiraishi et al., 1996) . Table 1 present our finding in relation to existing homologies in the nucleotide sequence database. They have at least 83% homology with the HERV-H element described in relation to the GRPR gene by Shiraishi et al. (1996) that is apparently identical with BAC clone 619J3 sequence (Table 2 ). These sequences share a similar degree of homology with other HERV-H elements in the database including a number allocated to human chromosome 7 and two already established in Xp22 (BAC clones 523A23 and 619J3) and one (PAC clone DJ0558L21) in Xq23. There appear therefore to be at least 12 HERV-H sequences on human X chromosome. Phylogenetic analysis (Fig. 2) suggests that HERV-H and BAC clone 619J3 (Xp22) as pairs are classified with BAC clone CIT987SK-29B12 (16p13.11) and clones HX-4 and HX-9 are grouped with HX-10 and HX-13. Clone HX-8 shows a sister relationship with PAC clone 24608 and clone HX-11. Clone HX-1 and BAC clone 523A23 on the X chromosome are found to be in close relationship to the sequences of DJ0888A21 on the human chromosome 7q31 (Fig. 2) . The clone HY-1 is the first HERV-H sequence to be reported on the human Y chromosome. Shiraishi et al. (1996) reported a cluster of three HERV-H elements within a 300 kb region close to the gastrin releasing peptide receptor (GRPR) locus in Xp22, and clusters of HERV-H elements are reported on human chromosomes 1p31 and 7q31 (Fraser et al., 1988) . The mechanism of this chromosomal clustering is unclear but phylogenetic analysis of their sequences suggests the possibility intra-chromosomal transposition. At the fragile site in 7q31.2, Huang et al. (1998) demonstrated the presence of an HERV-H sequence associated with small polydispersed circular DNAs (spcDNAs) and suggested that fragile sites might be hotspots for integration of exogenous viral sequences.
The cluster in Xp22 (GRPR locus) is of potential pathogenic significance. One of our sequences (HX-1) has 95.4% homology with a GenBank sequence (523A23) in Xp22. Gastrin releasing peptide (GRP) is a mammalian bombesin-like peptide that is widely distributed in the central nervous system. This GRP binds to its receptor (GRPR) to elicit a broad spectrum of biological effects on behavior, digestion, and metabolism. GRPR deleted transgenic mice show increased locomotor activity and social interactions as indicated by sniffing, mounting and approach behaviors without an increase in aggression (Wada et al., 1997) . These findings are of interest in relation to the report of a breakpoint of an X;8 translocation associated with multiple exostoses and autism in the GRPR gene in Xp22 (Ishikawa-Brush et al., 1997) . We note that two cases of paranoid schizophrenia with overlapping deletions in Xp22.3 have been reported (Milunsky et al., 1998) . Therefore the possibility that the GRPR gene plays a role in a range of psychiatric conditions, and that the HERV-H elements in this region are in some way involved, may justify further investigation.
This work was supported by grants from the UK Medical Fig. 2 . Phylogenetic tree obtained by neighbor-joining method for HERV-H family with other sequences in the nucleotide sequence database (see Table 1 ). Statistical robustness of the tree was tested by bootstrap analysis. The numbers to the left of the nodes of the tree branches represent the number of times out of 1000 trees.
Research Council and the Stanley Foundation.
